ABSTRACT: Biotic communities in highly variable, frequently perturbed habitats are usually expected to be structured mainly by abiotic factors. In the highly variable deep-sea hydrothermal vent environment, physical and chemical factors are known to play an important role in limiting the distribution and abundance of species, but the importance of biotic interactions remains largely unresolved. The high density and biomass attained by the vent macrofauna suggest that resource partitioning and competition may be significant in these communities. This study of food resource utilisation at northeast Pacific deep-sea hydrothermal vents uses an approach based on stable carbon and nitrogen isotope analyses to characterise trophic interactions between the 3 dominant alvinellid polychaetes, Paralvinella palmiformis, P. sulfincola, and P. pandorae. We also examine size structure in sympatric and allopatric populations of P. palmiformis and P. pandorae. Results indicate that food resource partitioning occurs both intra-and interspecifically in P. palmiformis and P. sulfincola, and we advocate that this process contributes to explaining their co-existence at very high densities. In contrast, P. pandorae has a much more restricted trophic niche, overlaps P. palmiformis in diet and is much smaller in size when found in sympatry with P. palmiformis. P. pandorae is the most likely of the 3 species to be affected by intra-and/or interspecific competition for food, and this may explain the drastic change in the population size structure observed between successive years. Our work indicates that within the limits imposed by environmental conditions, biotic interactions such as food resource partitioning and competition can be significant factors structuring deep-sea hydrothermal vent communities.
INTRODUCTION
Biotic communities in highly variable, frequently perturbed habitats are often thought to be structured mainly by abiotic factors (Sanders 1968 , Menge & Sutherland 1976 , Lubchenco & Menge 1978 , Peckarsky 1983 . Deep-sea hydrothermal vents are stochastic habitats characterised by drastic spatial and temporal heterogeneity in vent fluid temperature and composition (Johnson et al. 1986 , Chevaldonné et al. 1991 . Because of the harsh, variable and heterogeneous character of the habitat, it is generally assumed that abiotic factors play a major role in structuring vent communities (Tunnicliffe & Juniper 1990 , Van Dover 1995 , Sarrazin et al. 1997 . Changes in fluid flow, temperature and chemical composition, mineral accretion and catastrophic perturbations are known to modify species distributions at vents (Tunnicliffe et al. 1985 , Tunnicliffe & Juniper 1990 , Chevaldonné et al. 1991 , Tunnicliffe 1991 , Sarrazin et al. 1997 , Shank et al. 1998 , Luther et al. 2001 . In contrast, the importance of bio-logical processes such as predation and competition remains poorly understood, partly because they are difficult to study in these remote systems (Tunnicliffe 1991 , Mullineaux et al. 1996 , Sarrazin et al. 1997 , Micheli et al. 2002 .
Where organism abundance and biomass are high, density-dependent biotic processes are likely to influence species distribution. Hydrothermal vent faunal biomass is comparable to or higher than that of the most productive marine ecosystems, attaining 10 to > 40 kg wet weight m -2 (reviewed in . In eastern Pacific hydrothermal vent communities, alvinellid worms (Polychaeta: Terebellidae) form a significant part of this biomass and are dominant members of the consumer fauna (Fustec et al. 1987 , Tunnicliffe & Juniper 1990 . At Juan de Fuca Ridge hydrothermal vents (northeast Pacific), the alvinellids Paralvinella palmiformis Desbruyères & Laubier 1986 and Paralvinella sulfincola Tunnicliffe et al. 1993 can respectively reach densities of 11 000 and 3800 ind. m -2 , and biomass values of 4.9 and 0.5 kg m -2 of sulphide chimney surface These 3 species of alvinellids are sedentary worms endemic to northeast Pacific hydrothermal vents, where they are among the most abundant organisms. Paralvinella palmiformis occurs on the surface of sulphide mineral deposits or with its caudal end coiled around the distal portion of vestimentiferan tubes (Desbruyères & Laubier 1986 , 1991 , Tunnicliffe et al. 1993 . P. sulfincola lives in mucous tubes, either on the sulphide mineral substratum or within vestimentiferan bushes (Tunnicliffe et al. 1993 . P. palmiformis and P. sulfincola overlap in their habitat and often occur sympatrically (Tunnicliffe et al. 1993 , Sarrazin et al. 1997 . They are widely distributed within the northeast Pacific vent environment, co-existing in most sulphide edifice assemblages . P. pandorae lives primarily in mucous sheaths attached to vestimentiferan tubes (Desbruyères & Laubier 1986) . In vestimentiferan bushes, P. palmiformis and P. pandorae occupy a similar habitat. Based on an observed size shift of P. pandorae following the colonisation by P. palmiformis, Tunnicliffe et al. (1997) and Tsurumi & Tunnicliffe (2001) suggested that these species could be competitors.
When population densities are very high, intra-and interspecific partitioning of resources will promote coexistence by reducing niche overlap and competition (Schoener 1974 , Pianka 1981 , Wotton 1990 . Mechanisms that allow co-existing organisms to partition trophic and spatial resources among themselves may thus significantly influence community structure and species diversity (Schoener 1974 , Pianka 1981 .
Despite their high abundance, the food sources of northeast Pacific alvinellid polychaetes have not been clearly identified. Paralvinella palmiformis is likely a suspension and/or deposit feeder (Desbruyères & Laubier 1986 , 1991 , Tunnicliffe et al. 1993 . P. sulfincola appears to deposit-feed on biofilms colonising its tube and the surrounding sulphide surfaces (Tunnicliffe et al. 1993 , Grelon 2001 , Morineaux et al. 2003 . Both species have a typical detritivorous buccal morphology, presumably for collecting particles with their oral tentacles and trilobate appendages (Chevaldonné 1996) . P. pandorae probably also combines depositand suspension-feeding: small oral tentacles collect small particles, while funnel-like branchial structures can collect larger suspended particles (Desbruyères & Laubier 1991 , Chevaldonné 1996 . The diets of these 3 species cannot be differentiated by their gut contents, which consists of filamentous bacteria, mucus, diatom debris, grains of sulphide and globules of elemental sulphur (Tunnicliffe et al. 1985 , McHugh 1987 , Juniper 1994 .
For species where visual identification of diet is ineffective, stable carbon and nitrogen isotopes are valuable tools for studying trophic ecology. Stable isotopes of carbon ( 13 C/ 12 C) are incorporated in the tissues of heterotrophs with little or no change from their food sources (usually 0 to 1 ‰ fractionation of δ 13 C during trophic transfer; DeNiro & Epstein 1978 , Fry & Sherr 1989 , Wada et al. 1993 . Stable isotopes of nitrogen ( 15 N/ 14 N) are incorporated with a relatively constant trophic shift, with the heavier isotope favoured in consumer tissues (+ 3.4 ‰ on average; DeNiro & Epstein 1981 , Minagawa & Wada 1984 , Peterson & Fry 1987 , Cabana & Rasmussen 1994 . Stable carbon and nitrogen isotopic compositions can therefore provide information about resource use by organisms and their relative trophic position (Peterson & Fry 1987 , Kling et al. 1992 , Vander Zanden & Rasmussen 1999 . Here we use a stable-isotope-based approach to investigate intra-and interspecific food resource partitioning among the 3 dominant vent polychaete species, Paralvinella palmiformis, P. sulfincola and P. pandorae.
MATERIALS AND METHODS
From 1995 to 2000, 5 cruises were undertaken to hydrothermally active fields on Axial Volcano (45°56' N, 130°00' W; depth ~1500 m) and Endeavour Segment (47°57' N, 129°06' W; depth ~2250 m), Juan de Fuca Ridge, northeast Pacific (Fig. 1) .
We investigated 2 major types of vent habitats colonised by Paralvinella palmiformis, P. sulfincola and P. pandorae. One habitat, sulphide edifices, is formed by metre-scale vertical structures created by the precipitation of minerals from high-temperature (up to ~400°C) hydrothermal fluids. They are colonised by a mosaic of faunal assemblages described by Sarrazin et al. (1997) and . The other habitat, basalt-hosted vents, are patches of metre-to decametre-scale areas on the seafloor where warm (< 80°C) hydrothermal fluids diffuse through the basaltic crust. These sites are frequently colonised by vestimentiferan tube worm assemblages.
From these 2 vent habitats, 10 sites colonised by Paralvinella spp. were selected to reflect the variability in community composition of the region; see Table 1 for site descriptions. Sites A to D were colonised by P. palmiformis and P. sulfincola, Sites E and F by P. palmiformis and P. pandorae, and Sites G and H by all 3 species. We also sampled one site colonised only by P. palmiformis (Site I) and another colonised only by P. pandorae (Site J).
These 10 sites were visited either with the remotely operated vehicle 'ROPOS' or the manned submersible 'Alvin'. Worms were sampled using a suction sampling apparatus pumping water into 2 l acrylic jars equipped with 2 layers of 200 µm Nitex nylon mesh at the outflow to retain samples, and/or using the hydraulic manipulators of the vehicles to grab tube worm bushes and mineral flanges. Samples were kept in closed boxes or jars at ambient bottom temperature (~2°C) until they were brought to the surface.
Once onboard, animals were sorted by species and gently rinsed in seawater to remove attached particulates. Samples were frozen at -80°C until analysis. Worms from Site B were preserved in 7% formalin in seawater. Formalin preservation can affect the stable carbon isotopic composition of biological samples (e.g. Bosley & Wainright 1999) . In other alvinellid samples from the same areas, the 'formalin effect' on δ 13 C amounted to -1.8 ‰ on average (C.L. unpubl. data). However, in this study, no correction was made for this effect since δ 13 C values were not compared between sites.
In the laboratory, the animals were thawed and wet weighed. Depending upon specimen availability, 2 to 18 individuals per species per site were prepared for stable isotope analyses. The worms were dissected to remove gut contents, their tissues were acidified with 0.1 N HCl to remove carbonates and then dried at 60°C. Dried samples were ground to a fine powder using a mortar and pestle. Stable isotope analyses were performed on an automated Micromass Isoprime isotope ratio mass spectrometer. Carbon and nitro- Table 1 . Location, habitat type and presence/absence of the 3 Paralvinella spp. for each study site. ASHES, High Rise, SRZ (South Rift Zone), and CASM are hydrothermal vent fields at Axial Volcano and Endeavour Segment of the Juan de Fuca Ridge. Habitat types: b = basalt-hosted vent; c = sulphide chimney.
•: the species was present and obtained for stable isotope analyses. Sites B and C were distinct areas on a single sulphide chimney sampled in 1995 and 1999 respectively. Sites F and H were the same site, created after a seafloor eruption in 1998, and advanced to the stage of a complex tube worm assemblage in 2000.
P. pandorae was present at Site I but not obtained for analyses Spearman's rank correlations between wet weight and δ 13 C and δ 15 N were calculated for each species at each site. Multivariate analysis of variance (MANOVA) was used to test for interspecific differences in the stable isotopic compositions (both δ 13 C and δ 15 N) at each site. When significant (p < 0.05) differences were found, analysis of variance (ANOVA) was used to separately test for interspecific differences in δ 13 C and δ 15 N. Normal distribution was tested by the Shapiro-Wilk's W test, and homogeneity of variances was verified by the Bartlett test. Deviations from normal distribution or homogeneous variances were corrected by log-transforming the data (absolute values were used for δ 13 C) before performing the parametric tests.
To further document the size structure of Paralvinella pandorae in allopatry and in sympatry with P. palmiformis, we examined the wet weight frequency distribution of 100 randomly sub-sampled P. pandorae from Nascent Vent (Axial Volcano, South Rift Zone) in allopatry in 1998 and in sympatry with P. palmiformis the following year.
RESULTS

Intraspecific variability
Intraspecific variability in δ 13 C and δ 15 N was very high in Paralvinella palmiformis and P. sulfincola compared to P. pandorae (Table 2) . Large intra-site ranges in isotopic composition were observed in P. palmiformis (up to 6.8 ‰ for δ 13 C and 6.6 ‰ for δ 15 N) and in P. sulfincola (up to 6.9 ‰ for δ 13 C and 7.4 ‰ for δ 15 N). In contrast, the maximum ranges in δ 13 C and δ 15 N for P. pandorae at any given site were 1.0 and 2.2 ‰ respectively (Table 2 ). In comparison, in 10 species from 4 vent sites at Axial Volcano, the species-specific ranges in both δ 13 C and δ 15 N were typically 2 to 6 ‰ ( Levesque et al. unpubl.) .
The large intraspecific variability in stable isotopic composition of Paralvinella palmiformis and P. sulfincola was correlated with body size in some cases (Table 3 ). In P. palmiformis, wet weight correlated significantly (p < 0.05) with δ 13 C and δ 15 N at 4 out of 9 sites. δ 13 C increased with wet weight at Site B, and it showed the opposite trend at Sites E and I. δ 15 N increased with wet weight at all 4 sites. δ 13 C and δ 15 N of P. palmiformis also showed strong but not significant 176 correlations with wet weight at Site H. For P. sulfincola, significant correlations were observed only between wet weight and either δ 13 C or δ 15 N in 3 out of 6 cases: δ 13 C significantly increased with wet weight at Site A, while it decreased with wet weight at Site G; δ 15 N was positively correlated with wet weight at Site D. No significant correlations between wet weight and isotopic composition were observed for P. pandorae.
Interspecific variability
The stable isotopic signatures of Paralvinella palmiformis and P. pandorae were very similar, while P. sulfincola differed substantially from the other 2 species (Fig. 2, Table 4) .
At both sites where all 3 species occurred (Sites G and H), MANOVA indicated significant differences in the stable isotopic signatures of the species (Wilks's lambda, p < 0.05). For these sites, post-hoc MANOVA (Scheiner 1993) were performed on all possible species pairings to test which species actually differed from each other.
At all 6 sites where they co-occurred, Paralvinella palmiformis and P. sulfincola differed significantly in their stable isotopic signatures (MANOVA using δ 13 C and δ 15 N, p < 0.05 in all cases; Fig. 2 , Table 4 ). Analysis of variance (ANOVA) indicated that this was due to differences of 0.6 to 2.7 ‰ in δ 13 C and δ 15 N. At both sites where they co-occurred, Paralvinella sulfincola and P. pandorae showed significant (MANOVA: p < 0.0001) or marginally significant differences in stable isotopic signatures that resulted from differences in both δ 13 C and δ 15 N (Fig. 2 , Table 4 ). In contrast, Paralvinella palmiformis and P. pandorae had highly similar δ 13 C and δ 15 N (Fig. 2, Table 4 ). At 3 of 4 sites where they cooccurred, these species did not differ significantly in their stable isotopic compositions (MANOVA using δ 13 C and δ 15 N: p > 0.05 in all cases). At the fourth site, they differed in δ 13 C only (ANOVA: p < 0.0001).
The size structure of Paralvinella pandorae in allopatry and in sympatry with P. palmiformis, documented at Nascent Vent, shows a >14 × reduction in mean wet weight of P. pandorae in sympatry (mean wet weight = 3 mg) compared to allopatry (mean wet weight = 47 mg; Fig. 3 ).
DISCUSSION
Interpretation of stable isotopic compositions
When comparing the isotopic compositions of different individuals or different species, one must consider 3 points. First, if 2 organisms use the same dietary car- N) isotopic composition in sympatric assemblages. P. palmiformis and P. sulfincola were present in sympatry at Sites A-D. P. palmiformis and P. pandorae co-occurred at Sites E and F. All 3 species co-existed at Sites G and H. Crosses show mean ± SD.
Site abbreviations: see Table 1 bon and nitrogen sources (hereafter 'diet'), they will have similar isotopic compositions. Second, organisms having the same isotopic compositions do not necessarily have the same diet, since they can have different diets with the same averaged isotopic compositions. Third, a difference in the isotopic compositions of 2 organisms reflects a difference in their diets. Stable isotopic compositions can therefore provide information on food resource use and partitioning, both interspecifically and intraspecifically. The niche breadth of populations has 2 fundamental aspects (Van Valen 1965 , Pianka 1981 , Polis 1984 : the within-individual component (the variation in resources used by an individual) and the betweenindividual component (the variation in resources used by different individuals of a population). One-time sacrificial isotope analysis only provides information on the average diets of individuals within a population. Therefore, the range of stable isotope signatures from individual organisms provides a measure of the between-individual trophic niche breadth of a population.
Intra-and interspecific food resource partitioning
The large intraspecific variability in the stable isotopic compositions of Paralvinella palmiformis and P. sulfincola at each site suggests that these species are trophic generalists compared to the more trophically specialised P. pandorae. Indeed, the large variability in δ 13 C and δ 15 N between individuals of P. palmiformis and P. sulfincola indicate that different individuals consume different food sources. In contrast, all P. pandorae individuals have similar δ 13 C and δ 15 N, indicating they are either using similar food sources or different food sources with similar averaged isotopic compositions. The large variability in stable isotopic compositions of P. palmiformis and P. sulfincola reveals that the available food sources in these habitats have a large range in δ 13 C and δ 15 N. It is therefore unlikely that at all sites individual P. pandorae are consuming different foods with similar δ 13 C and δ 15 N. Thus, we argue that the small ranges in δ 13 C and δ 15 N in P. pandorae indicate that this species is more trophically specialised than P. palmiformis and P. sulfincola.
The large trophic niche width of Paralvinella palmiformis could be explained by ontogenetic shifts in diet. Significant correlations between wet weight and tis- Fig. 3 . Paralvinella pandorae. Wet weight frequency distribution in allopatry (Nascent Vent, 1998 ) and in sympatry with P. palmiformis (Nascent Vent, 1999) . Mean wet weight of P. pandorae is 14× smaller in sympatry compared to allopatry.
Notice the different vertical scales (Table 3) . Because the isotopic composition of an animal reflects that of its diet, such correlations can indicate size-dependent shifts in diet (e.g. Gearing et al. 1984 , Michener & Schell 1994 , Hentschel 1998 , Polz et al. 1998 , Trask & Van Dover 1999 . It remains unclear why size-related changes in the stable isotopic signature of P. palmiformis were observed at only 4 out of 9 sites. This could reflect our inability to sample juveniles and small size classes, where most ontogenetic diet shifts may occur (e.g. Hentschel 1998). Because juveniles and very small individuals were not sampled here, our results may under-estimate the trophic niche width of the species investigated and miss critical changes in their trophic ecology. In this regard, possible ontogenetic diet changes in Paralvinella spp. should be re-examined after a more representative sampling of their complete size ranges.
In Paralvinella sulfincola, diet was not related to size as clearly as in P. palmiformis, within the size range sampled. A more probable explanation of the large trophic niche observed in P. sulfincola could be its territorial behaviour described by Grelon (2001) . This species aggressively interferes with neighbouring conspecifics, and thus it maintains a regular micro-distribution on the substratum. Territoriality, reflecting interference competition, constrains individual feeding areas and accessible food resources. A consequence of individual P. sulfincola feeding at different locations, presumably on different food sources, would be a broad range in stable carbon and nitrogen isotope compositions such as observed here.
Stable isotopic compositions also provide information on interspecific food resource partitioning. Despite the large intraspecific variability in δ 13 C and δ 15 N, the stable isotopic compositions of Paralvinella palmiformis and P. sulfincola were different at all 6 sites where they co-occurred, clearly indicating interspecific differences in food resource use. The lack of constancy in these differences (δ 13 C and δ 15 N values were either higher or lower in P. palmiformis compared to P. sulfincola) suggest they are not the result of interspecific differences in isotopic fractionation, but rather reflect the use of different trophic resources.
Differences in feeding modes of Paralvinella palmiformis and P. sulfincola may contribute to interspecific food resource partitioning. The former is usually considered as a deposit-and/or suspension-feeder (Desbruyères & Laubier 1986 , 1991 , Tunnicliffe et al. 1993 , while P. sulfincola has only been observed depositfeeding (Tunnicliffe et al. 1993 , Grelon 2001 , Morineaux et al. 2003 . Suspension-feeding could give P. palmiformis access to food resources not consumed by P. sulfincola. However, the feeding behaviour of these species, particularly within tube worm bushes, remains too poorly characterised to evaluate whether and how differences in feeding behaviour affect diet.
Behaviour may contribute in another way to food resource partitioning between Paralvinella palmiformis and P. sulfincola. On the mineral surface of chimneys, these species often show a distinct micro-distribution: P. sulfincola colonise the background substratum and P. palmiformis group on small marcasite (FeS 2 ) outgrowths (Sarrazin et al. 1997) . Spatial partitioning may also occur as vertical zonation in tube worm bushes, where P. sulfincola is often observed on the hard substratum while P. palmiformis attaches to vestimentiferan tubes (J. Sarrazin, IFREMER, Centre de Brest, France, pers. comm.). This spatial segregation may restrict where the 2 species feed and thus their food resources.
Filamentous bacteria growing on Paralvinella sulfincola mucous tubes may also provide an exclusive food source to this alvinellid. A similar association has been proposed between the East-Pacific Rise alvinellid Alvinella pompejana and the large filamentous bacteria colonising its dorsal surface, but this relationship remains hypothetical (Desbruyères et al. 1998) .
Dietary overlap and competition in Paralvinella pandorae and P. palmiformis
In contrast to co-existing Paralvinella palmiformis and P. sulfincola, sympatric P. palmiformis and P. pandorae have very similar stable isotopic compositions (Fig. 2,  Table 4 ). Their overlapping δ 13 C and δ 15 N values indicate they are using either similar food sources or different food sources with similar averaged isotopic compositions. The second interpretation would require that the food sources consumed by these 2 species had similar averaged δ 13 C and δ 15 N at all sites investigated. As discussed above, the large variability in stable isotopic compositions of P. palmiformis and P. sulfincola indicates that available food sources in these habitats have a large range in δ 13 C and δ 15 N. It is thus unlikely that 2 species feeding on different food sources would have such similar δ 13 C and δ 15 N at 4 different sites. We suggest therefore that sympatric P. palmiformis and P. pandorae overlap in their trophic niches and are potential competitors.
Dietary overlap does not necessarily lead to exploitative competition unless food resources are limiting (Pianka 1981 , MacNally 1983 . Whether deep-sea hydrothermal vent deposit-and suspension-feeders can be food limited remains unknown. A large body of evidence suggests that natural populations of macrofaunal deposit-feeders are commonly food limited (Lopez & Levinton 1987 and references therein) . Sedentary deposit-feeders are often limited by trophic resources because they have a restricted ability to actively forage and depend on their immediate surroundings for food (Karrh & Miller 1994) .
Compelling evidence further supporting the hypothesis of competition for food actively occurring between Paralvinella palmiformis and P. pandorae comes from the size shift towards smaller size classes in the latter species in sympatry with P. palmiformis, documented in this study as well as in Tunnicliffe et al. (1997) and Tsurumi & Tunnicliffe (2001) . This change represents mortality or emigration of larger P. pandorae that are comparable in size to P. palmiformis (C.L. pers. obs.). This size shift between allopatry and sympatry may be interpreted as a response to interspecific competition (Pianka 1981) , although other factors such as habitat differences could also be involved. We propose that the dietary niche overlap and the size shift of P. pandorae between allopatry and sympatry with P. palmiformis are evidence that interspecific competition for food is occurring between these species and that P. pandorae populations are strongly affected by this process.
It is possible that intraspecific competition could be involved in the observed size shift. The narrow trophic niche of Paralvinella pandorae suggests that intraspecific competition is more likely to affect this species than P. palmiformis and P. sulfincola. Consumption of a similar food source by all P. pandorae individuals could lead to resource depletion and intraspecific competition. Colonisation by P. palmiformis likely further reduces food resources available for P. pandorae, since both species overlap in their diet. Therefore, the size shift of P. pandorae could result from both intraspecific and interspecific competition for food.
Our data do not allow us to verify whether or not competition can affect the distribution and abundance of Paralvinella pandorae. In a study of the faunal assemblages at 14 sites on Cleft segment, Juan de Fuca Ridge, following their initiation by a volcanic eruption in 1986, Tsurumi & Tunnicliffe (2001) observed drastic shifts in the distribution of P. pandorae. Over 2 yr, the authors observed a reduction in the number of sites colonised by P. pandorae, from 14 sites to 1 site, concomitant with a decrease in body size of P. pandorae. Tsurumi & Tunnicliffe (2001) suggest that the cause of this decrease in site occupation and body size could involve competition with P. palmiformis or the ampharetid polychaete Amphysamytha cf. galapagensis Zottoli, 1983, which shares a similar habitat on vestimentiferan tubes. Thus, competition could affect not only the size structure of P. pandorae, but also its distribution. Future studies combining stable isotope analyses with observations on the distribution, abundance and population size structure of P. palmiformis, P. pandorae and other potential competitors may provide further insight into how competition affects the distribution and abundance of these species. Environmental factors should also be considered in these studies to ensure that the observed shifts in size and distribution are not the result of habitat changes.
Competition has never been clearly demonstrated at vents, and its role in structuring vent communities remains largely unexplored. Interspecific competition for space and for hydrogen sulphide has been suggested to account for changes in the abundance of vestimentiferans, mussels and clams at a Galapagos Rift vent field , Johnson et al. 1988 . Shank et al. (1998) advanced that a similar competitive process might occur during the development of biological communities at 9°50' N on the East Pacific Rise. As discussed above, Tunnicliffe et al. (1997) and Tsurumi & Tunnicliffe (2001) suggested that Paralvinella pandorae could be competing with P. palmiformis and Amphysamytha cf. galapagensis. The present study brings evidence that intraspecific competition for food and/or interspecific competition for food with P. palmiformis are affecting the population size structure of P. pandorae at northeast Pacific hydrothermal vents. To our knowledge, this is one of the best developed cases to date for competition at deep-sea hydrothermal vents. These observations provide evidence that competition can be a significant process affecting the structure and dynamics of biological communities in the highly variable hydrothermal vent habitat.
CONCLUSION
The results presented here indicate that trophic interactions play a significant role in structuring the high-density sympatric alvinellid populations of northeast Pacific hydrothermal vents. Intra-and interspecific resource partitioning in Paralvinella palmiformis and P. sulfincola reduce the overlap in resource use between individuals and between species. We advocate that resource partitioning allows these 2 species to co-exist in most communities where they frequently dominate in abundance and biomass. In contrast, P. pandorae appears to be a trophic specialist, and its diet overlaps with that of P. palmiformis. Intraspecific competition and/or interspecific competition with P. palmiformis appear to result in a marked size reduction in P. pandorae in sympatry with P. palmiformis. Further studies are required to confirm that competition is actively occurring and to understand its importance for the distribution and abundance of these species. We conclude that intra-and interspecific food resource partitioning and competition for food among the dominant alvinellid polychaetes at northeast Pacific vents should be regarded as significant community structuring factors in these highly variable habitats. 
